Current knowledge about microbial injury was derived mostly from studies with bacteria associated with processed foods. Demonstration of injury and repair in phytopathogenic bacteria and its implication on pathogen detection and disease ecology have not been reported. The objective of this study was to investigate the lethal and sublethal effects of acetic acid (AA) on soft-rot Erwinia spp. and the limitation of using selective media for isolation of injured cells. Following exposure to 0.3% AA for 6 min, 90 to 99% of E. carotovora subsp. carotovora, E. carotovora subsp. atroseptica, and E. chrysanthemi cells were killed. When AA-treated samples were plated on agar media, the number of bacteria recovered on nonselective media such as brain heart infusion agar was 3 log units higher than that recovered on selective media such as crystal violet pectate (CVP). Lethal and sublethal actions of AA on Erwinia spp. were affected greatly by acid concentration, exposure time, and bacterial strains tested. Injured Erwinia cells were able to repair and regain the ability to grow on CVP when placed in nutrient broth but not in selective broth containing crystal violet and sodium dodecyl sulfate. Injured cells also were able to resuscitate on cut surfaces of cucumber fruit and to induce soft rot on green bell pepper. Together, these results suggest that direct use of selective media for isolation of Erwinia spp. could limit the recovery of injured cells in samples that have been exposed to chemical or physical stresses. Enrichment of these samples in nutrient broth before plating on CVP is expected to improve the detection of injured Erwinia spp.
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The widespread use of selective media for isolation of bacteria began in approximately 1920, but the limitation of using these media for detection of foodborne pathogens was not realized until quantitative studies revealed the poor recovery of viable bacteria following heating, drying, or freezing (1) . It now is generally believed that, following exposure to a variety of physical or chemical stresses, bacteria can be killed, injured, or unaffected (27) . Hartseli (13) was among the first to define "injured bacteria" as those capable of forming colonies on nonselective but not on selective media. Previous studies of microbial injury were focused almost exclusively on bacteria that were associated with food or drinking water (7) . Demonstration of injury and repair in phytopathogenic bacteria, including soft-rot Erwinia spp., has not yet been reported.
As pre-and postharvest pathogens, soft-rot Erwinia spp. frequently are found in soil, irrigation water, and plant debris (19, 24) . Several selective media, including crystal violet petate (CVP) (8) , D3 (14) , and pectate Tergitol (PT) (6) , have been developed for isolation of soft-rot Erwinia spp. from plant and environmental samples. Plating efficiencies of these media for recovery of Erwinia spp. were evaluated, usually using bacteria propagated in the laboratory. Limitation of these media for isolation of injured Erwinia cells from the environment or sanitized produce samples has not been considered or investigated. Meneley and Stanghellini (21) reported that isolation of Erwinia spp. from soil could be improved by incubating the samples in a semiselective broth before plating on CVP medium. However, it was not determined if this semiselective broth enhanced the recovery of potentially injured Erwinia cells in the samples.
Several sanitizers, including chlorine (2), chlorine dioxide (31), and hydrogen peroxide (28) , have been tested for their efficacies in eliminating harmful microorganisms from fresh produce. None of these sanitizers, however, is sufficiently effective to completely remove microorganisms from fruits and vegetables (3). Nevertheless, an increasing number of reports have shown that washing fresh produce and sprouting seed with acetic acid (AA) was effective for suppressing fungal decay (10, 29) , Escherichia coli O157:H7 (32, 33) , Salmonella typhimurium (11) , and Yersinia enterocolitica (15) on fresh produce or meat products. AA is generally recognized as safe (GRAS) and has been approved by the United States Food and Drug Administration for use as a food additive or as a disinfectant for animal carcasses (12). Although antimicrobial activities of AA against E. coli K-12 (26) and S. bareilly (5) have been demonstrated, its effect on phytopathogenic bacteria has not been examined. The objectives of this study were to (i) investigate the lethal and sublethal actions of AA on Erwinia spp. as affected by acid concentration, exposure time, and bacterial strains; (ii) examine the condition and time frame required for recovery of injured cells in broth media and on cut surfaces of fruit; and (iii) determine the soft-rotting ability of acidinjured Erwinia cells on bell pepper fruit.
MATERIALS AND METHODS
Bacterial strains and culture media. Five Erwinia strains, including two strains (SR319 and 1) of E. carotovora subsp. carotovora, two strains (EC16 and 120A) of E. chrysanthemi, and one strain (SR8) of E. carotovora subsp. atroseptica, were used. E. carotovora subsp. carotovora strain 1 was isolated from prepeeled baby carrot (unpublished data). E. carotovora subsp. carotovora strain SR319, E. carotovora subsp. atroseptica strain SR8, and E. chrysanthemi strain 120A were obtained from A. Kelman (North Carolina State University) and E. chrysanthemi strain EC16 from A. Chatterjee (Kansas State University). They were grown routinely on brain heart infusion agar (BHIA; BD Systems/Difco, Sparks, MD) at 28°C and maintained on the same medium at 4°C. For enumeration of injured cells, acid-treated samples were plated on BHIA and on four selective agar media, including CVP (8), PT (6), D3 (14) , and violet-red bile agar (VRBA) (BD Systems/Difco). These media were prepared as previously described (6, 8, 14) with slight modification. In modified CVP, the medium was supplemented with sodium dodecyl sulfate (SDS) and yeast extract to a concentration of 0.1 mg/ml and 0.2% (wt/vol), respectively. In addition, the concentration of crystal violet in modified CVP was reduced to 1.0 µg/ml. For l liter of modified PT medium, Tergitol7 was replaced with 0.6 ml of XLT4 supplement (BD Systems/Difco) containing 27% of Tergitol4. In modified D3, the concentration of LiCl was reduced to 0.7 g/liter. Polypectate for CVP was purchased from M. Burger, Inc. (Madison, WI).
Preparation of bacterial suspensions and acid treatment. Unless otherwise indicated, bacterial suspensions were prepared from cultures grown on BHIA at 28°C for 24 h. Cell masses were collected from culture plates using a sterile loop and subsequently dispersed in 75 µM of phosphate-buffered saline (PBS, pH 7.1; Invitrogen Corp., Carlsbad, CA) to make a suspension with an optical density of 1.00 0.03 at 600 nm, which was equivalent to a cell density of 1.2 to 1.7 × 10 9 CFU/ml. The optical density was measured using a spectrophotometer (Beckman Instruments, Fullerton, CA). A microfuge tube containing 1 ml of cell suspension was spun at 12,000 rpm for 1 min by a refrigerated microcentrifuge (Brinkmann Instruments, Westbury, NY). After centrifugation, the supernatant was discarded and the cell pellet was suspended in an AA solution prepared from glacial AA (Mallinckrodt Baker, Inc., Paris, KY) and allowed to incubate at 20°C for 0 to 6 min. AA-treated cells then were collected by centrifugation (12,000 rpm for 1 min) and resuspended in 1 ml of PBS after washing twice in the same buffer. Total exposure time of bacteria to AA included the actual incubation time plus 2 min required for removal of AA following the incubation. Processed samples were plated on nonselective BHIA and also on selective CVP, PT, D3, or VRBA media by spreading. Culture plates then were incubated at 28°C for 48 h. The killing rate was calculated based on the difference in bacterial counts of AA-treated and water-treated samples as determined on BHIA. The injury rate was calculated based on the difference in bacterial count of AA-treated sample determined on selective agars and on bacterial count determined on BHIA. The plating efficiency of each selective medium was calculated from the difference in plate counts of water-treated samples determined on BHIA and on selective agar. Following exposure to 0.3% AA for 6 min, the suspension containing E. carotovora subsp. carotovora, E. carotovora subsp. atroseptica, or E. chrysanthemi was plated on nonselective BHIA and on selective CVP and VRBA to compare the killing and injury effect of AA on five different species or trains of Erwinia. To determine the effect of acid concentration and exposure time on killing and injury, E. carotovora subsp. carotovora strain SR319 cells were treated with different concentrations (0.06 to 0.60%) of AA for 6 min or with 0.3% AA for 2 to 10 min and subsequently plated on BHIA and VRBA.
Repair of bacterial injury in nutrient broth containing or lacking selective agents. Nutrient broth (NB; BD Systems/Difco) and NB supplemented with sodium dodecyl sulfate (SDS; 100 µg/ml) and crystal violet (1 µg/ml) were inoculated with AAtreated E. carotovora subsp. carotovora (strain SR319) cells to make an initial cell concentration of approximately 3 log CFU/ml. Inoculated flasks were incubated at 20°C undisturbed for up to 8 h. The samples were taken at 2-h intervals to monitor the changes in the proportions of injured and recovered cells by plating the samples on BHIA and CVP. Injured cells were prepared by exposing E. carotovora subsp. carotovora cells from 24-h cultures to 0.3% AA for 6 min. The steady decline in the number of injured cells during the incubation period was assumed to result from the resuscitation of injured cells.
Resuscitation of acid-injured Erwinia cells on apple and cucumber fruit. Unwaxed apple (Golden Delicious) and cucumber were purchased from the packer or local grocers, respectively. They were cleaned with laboratory detergent (Liquid-Nox; Alconox Inc., NY) and tap water and surface sanitized with 85% ethanol (18) . Injured E. carotovora subsp. carotovora strain SR319 cells were prepared by exposing the bacteria from 24-h cultures to 0.3% AA for 6 min. A sterile nitrocellulose membrane (0.45 µm; 25 mm in diameter; Millipore Inc., Bedford, MA) was placed on cut surface of apple or cucumber fruit and then inoculated with 50 µl of AA-treated bacterial suspension containing approximately 10 4 CFU of injured cells. The inoculated membrane then was covered with apple or cucumber slices to ensure close contact between the membrane and fruit tissue. After incubation at 20°C for 0, 4, 8, and 16 h, two membranes at each sampling time were removed and each membrane was immersed in 5 ml of PBS followed by vigorous shaking for 30 s. Aliquots (50 µl) of the suspension then were plated on BHIA and CVP to determine the changes in the populations of the injured and uninjured cells during the incubation. w E. carotovora subsp. carotovora strain SR319 cells were exposed to 0.3% AA or to water (as control) for 6 min. Treated cells were washed twice with phosphate-buffered saline to remove residual AA and then plated on selective and nonselective agars. Inoculated agar plates were incubated at 28°C for 48 h prior to the counting. Values represent the average of three experiments with two duplicates in each experiment standard deviation. Within a column, numbers not followed by the same letter are significantly different (P < 0.05) by the Bonferroni least significant difference separation technique (22) . x BHIA = brain heart infusion agar, VRBA = violet-red bile agar, CVP = crystal violet pectate medium (8) , PT = pectate tergitol medium (6), D3 = medium (14) . y Plating (recovery) efficiency was calculated according to the formula (plate count of water-treated sample on selective agar/plate count of water-treated sample on BHIA) × 100. z Log CFU killed = log CFU count of water-treated sample as determined on BHIA-log CFU count of acid-treated sample as determined on BHIA; log CFU injured = log CFU count of acid-treated sample as determined on BHIA-log CFU count of acid-treated sample as determined on selective agar.
Infectivity assays. Green bell pepper fruit purchased from local grocers were cleaned and surface sanitized with 85% ethanol as previously described (16) . Injured E. carotovora subsp. carotovora cells were prepared by exposing the bacteria from 24-h cultures to 0.3% AA for 6 min; bacteria treated with sterile distilled water were used as controls. The killing and injuring rates of AA treatment were determined as described above. Tenfold serial dilutions of AA-or water-treated samples were prepared and 5-µl aliquots of each dilution were deposited on the wounded surface of green bell pepper (17) . Wounding was made by puncturing the fruit with a 26-G syringe 15 times to generate a site of approximately 2 to 3 mm in diameter. In each experiment, water-or AA-treated samples from each dilution were inoculated at three different sites on one fruit and the experiment was repeated three times. Inoculated bell pepper fruit were placed in a moist chamber and kept at 20°C for 2 days. Development of soft rot was recorded and percent of infectivity was calculated based on the formula number of sites developing soft rot/number of sites inoculated (n = 9) × 100.
Statistical analysis.
incubation times or environments were performed using the Bonferroni least significant difference mean separation procedure at the P = 0.05 significance level (22) .
RESULTS

Detection and enumeration of acid-injured cells.
Bacterial counts in the samples treated with AA as determined on BHIA were 96% or 1.4 log units lower than those treated with water (Table 1 ). In addition, colony sizes of AA-treated cells were smaller, in general, than those formed by water-treated cells after incubation at 28°C for 48 h. The reduction in plate count on BHIA was assumed to be caused by the bactericidal action of AA and the reduction in colony size was due to the extended lag phase required for recovery of injured cells. When AA-treated samples were plated on both selective and nonselective agar media, the number of E. carotovora subsp. carotovora cells recovered on selective agars, including CVP, PT, D3, and VRBA, was 2.4 to 4.3 log units (>99%) lower than those recovered on BHIA ( Table  1 ), indicating that injured cells failed to recover and form colonies on selective media. A significantly (P < 0.05) higher injury rate was obtained when the sample was plated on VRBA, D3, or CVP than on PT (Table 1) . Bacterial counts of water-treated samples as determined on VRBA or D3 were lower, in general (23 to 26%), than those determined on PT or CVP medium, indicating that higher selectivity or lower recovery efficiency as observed with VRBA and D3 media also impeded or delayed the recovery of injured cells.
Antimicrobial action of AA on Erwinia spp. as affected by acid concentration and exposure time. A positive correlation was observed between the killing or injury rate and the concentration of AA tested (Fig. 1) . Upon exposure to 0.6% AA for 6 min, 99.5% (or more than 2 log units) of E. carotovora subsp. carotovora cells were killed. The number of viable E. carotovora subsp. carotovora cells as determined on BHIA was reduced from 1.5 × 10 9 to 8.0 × 10 6 CFU/ml following acid treatments. Among surviving E. carotovora subsp. carotovora cells, only a small fraction (4.2 × 10 2 CFU/ml) was able to form colonies on VRBA, indicating that 99.99% (or more than 4 log units) of surviving cells were injured. A positive correlation was observed between the exposure time and killing or injuring effects (Fig. 1) . The longer the exposure time, the higher death rates were observed. For examples, following exposure to 0.3% AA for 10 min, the number of surviving E. carotovora subsp. carotovora cells as determined on BHIA decreased from 1.7 × 10 9 to 8.0 × 10 6 CFU/ml, but the number of surviving cells as determined on VRBA decreased very sharply from 1.4 × 10 9 to 1.8 × 10 3 CFU/ml. Similarly, following exposure to 0.3% AA for 6 min, more than 90% of cells were killed and more than 99.9% (or 3 log units) of the surviving cells were injured.
Variation in responses of Erwinia spp. or strains to AA antimicrobial action. Five representative strains of soft-rotting Erwinia spp., including two strains each of E. carotovora subsp. carotovora and E. chrysanthemi and one strain of E. carotovora subsp. atroseptica, were treated with 0.3% AA for 6 min and subsequently plated on nonselective BHIA and selective CVP and VRBA media to compare the relative susceptibility of bacterial strains to AA actions. The responses of soft-rotting Erwinia spp. to AA treatments varied among the strains or species examined (Fig. 2) . Two E. chrysanthemi strains were significantly (P < 0.05) more susceptible to injuring action of AA than E. carotovora subsp. carotovora and E. carotovora subsp. atroseptica strains. For example, exposure of E. carotovora subsp. carotovora (strains SR319 and 1) to 0.3% AA for 6 min resulted in the reduction in plate count on BHIA by 1.4 and 1.9 log units, respectively. By Bactericidal and injury effects of acetic acid (AA) on Erwinia carotovora subsp. carotovora SR319 as affected by acid concentration (top) and exposure time (bottom). E. carotovora subsp. carotovora cells from a 18-h culture were treated with various concentrations (0.0 to 0.6%) of AA for 6 min or treated with 0.3% AA for different periods of time (2 to 10 min). After removal of AA, treated samples were plated on brain heart infusion agar (BHIA) and violet-red bile agar (VRBA) to determine the killing and injury effect of AA on E. carotovora subsp. carotovora. Percent survival = (CFU count of the sample treated with AA as determined on BHIA/CFU count of sample treated with water -CFU count of the sample treated with AA) × 100. Log injury = log CFU count of AA-treated sample as determined on BHIA -log CFU count of the same sample as determined on VRBA. The percent survival (n) and log injury (l) rates were determined as described in the text.
comparison, exposure of E. chrysanthemi strains to AA under the same condition resulted in the reduction in plate count by more than 2 log units. Regardless of the strain tested, >99.9% (or 3 log units) of surviving cells were injured as indicated by their inability to form colonies on CVP or VRBA.
Resuscitation of acid-injured E. carotovora subsp. carotovora cells in nutrient broth. When nonselective NB was inoculated with AA-treated E. carotovora subsp. carotovora cell suspension and incubated at 20°C for up to 8 h, a steady increase in colony count on CVP and a steady decrease in the difference of bacterial counts as determined on CVP and on BHIA were observed (Fig. 3) . Some recovery already is evident after 2 h of incubation in NB and the recovery continued to increase for up to 8 h (Fig. 3) . Total bacterial count on BHIA decreased slightly during the first 8 h of incubation from 6.5 to 6.2 log units, a steady increase in bacterial counts on CVP resulted more likely from the recovery of injured cells, but not from the multiplication of uninjured cells. Furthermore, the population of untreated cells increased by less than 0.4 log units after incubation in NB for 8 h (data not shown). However, when injured E. carotovora subsp. carotovora cells were placed in NB containing crystal violet and SDS, a sharp decline in bacterial count (2.2 log CFU/ml) was observed on BHIA during the first 2 h of incubation. Plate counts as determined on CVP showed little change throughout the 8-h incubation period. This result indicated that injured cells failed to resuscitate in NB containing crystal violet and SDS and were more vulnerable to bactericidal activities of selective agents present in selective media.
Resuscitation of acid-injured E. carotovora subsp. carotovora cells on cut surfaces of cucumber fruit. To compare the resuscitation of injured cells on cut surfaces of cucumber and apple fruit, bacterial counts on selective (VRBA) and nonselective (BHIA) media were determined for injured cells that had been incubated on cucumber or apple for 4, 8, and 16 h. Although little change in bacterial counts as determined on BHIA was found with samples that had been incubated on cucumber for up to 8 h, bacterial counts on VRBA continued to increase during the same period (Table 2 ). This result indicated that the proportion of injured cells in the samples declined from 96 to 59% during the first 8 h of incubation. A marked increase in the population of E. carotovora subsp. carotovora (1.7 log units) and a marked decrease in the population of injured cells were observed with samples which had been incubated on cucumber for 16 h. However, the number of bacteria recovered on VRBA was still 20% fewer than those recovered on BHIA, possibly due to the lower plating efficiency of VRBA as revealed in Table 1 . When filter membranes containing injured E. carotovora subsp. carotovora cells were incubated on cut surfaces of apple fruit, total bacterial counts Fig. 2 . Comparison of the recovery of two strains of Erwinia carotovora subsp. carotovora (Ecc), two strains of E. chrysanthemi (Ech), and one strain of E. carotovora subsp. atroseptica (Eca) on selective (BHIA) and nonselective (CVP and VRBA) media following exposure to 0.3% acetic acid (AA) for 6 min. BHIA = brain heart infusion agar; CVP = crystal violet pectate; and VRBA = violet-red bile agar. The cell suspension of each strain at an initial concentration of 9.2 0.1 log CFU/ml was treated with 0.3% AA for 6 min. Total plate count of treated sample as determined on BHIA was compared with those determined on CVP or VRBA. Fig. 3 . Comparison of the recovery of acid-injured Erwinia carotovora subsp. carotovora cells in nutrient broth and in selective broth containing crystal violet (1 µg/ml) and sodium dodecyl sulfate (100 µg/ml). Both selective and nonselective nutrient broths containing injured cells at an initial concentration of 2.9 log CFU/ml were incubated at 20°C for up to 8 h. Samples were collected at 2-h intervals and plated on brain heart infusion agar and crystal violet pectate to monitor the number of injured and recovered cells during the incubation. Number of dead cells = total number of cells at T 0 (2.9 CFU/ml -number of cells injured -number of cells recovered.
on both BHIA and VRBA showed slight decline during the incubation and the percentage of injured cells in the population showed little change (Table 2) . No sign of recovery was observed when injured cells were placed on apple fruit. Injured E. carotovora subsp. carotovora cells were able to repair the injury only on cut surfaces of cucumber fruits but not cut surfaces of apple fruit.
Soft-rotting ability of acid-injured E. carotovora subsp. carotovora cells. Green bell pepper fruit were inoculated with AA-or water-treated E. carotovora subsp. carotovora cell suspensions at the concentrations ranging from 10 9 to 10 3 CFU/ml. The minimal concentration of water-treated (or uninjured) and AAtreated cells required for induction of soft rot was estimated to be 3.8 × 10 5 and 3.2 × 10 6 CFU/ml, respectively. Only 5 µl of bacterial suspension was deposited on the inoculation site; therefore, the total number of uninjured E. carotovora subsp. carotovora cells (from water-treated samples) required for induction of soft rot on bell pepper fruit was estimated to be 1.9 × 10 3 CFU. By comparison, the minimal number of acid-treated cells required for induction of soft rot on bell pepper fruit was estimated to be 1.6 × 10 4 CFU. Because >99.9% of viable E. carotovora subsp. carotovora cells in AA-treated sample were injured, it was estimated that only one uninjured cell was present in 5 µl of inoculum. Therefore, induction of soft rot by AA-treated samples was not due to the presence of uninjured cells but due to the resuscitation of injured cells.
DISCUSSION
Data presented here show that exposing Erwinia cells to low concentrations of AA can cause death and injury in all of five Erwinia strains examined. Injured cells could be detected and enumerated based on their differential abilities to form colonies on nonselective medium such as BHIA but not on selective agar media such as CVP, D3, PT, and VRBA. Those cells capable of forming colonies on BHIA but not on selective agars were considered "injured" as previously defined (7, 27) . Injury rate determination was dependent on the type of selective medium used and also on the physiological stage of bacteria tested (4). We found that, after exposure to 0.3% AA for 6 min, the number of E. carotovora subsp. carotovora cells recovered on BHIA was 10 2 -to 10 4 -fold higher than those recovered on selective agars (Table 1) . Poor recovery of injured Erwinia cells on selective media indicates that direct plating of samples on CVP is not suitable for recovering injured Erwinia cells possibly present in the samples that have been treated with heat, irradiation, or chemicals. The limitation of using selective media for detection of specific bacteria in processed foods has long been recognized (1) . However, detection of injured Erwinia spp. in the environment or sanitized produce samples has not yet been reported. Based on our knowledge about injury in Escherichia coli K-12 (26) and S. typhimurium (11), it is not unreasonable to predict the presence of injured Erwinia cells in soil, irrigation water, or dehydrated plant debris. However, bacteria that are injured could be differentiated from those defined as viable but nonculturable (VNC) dormant cells (23) . The VNC cells are considered nonculturable by the normal microbiological methods, whereas injured cells are considered culturable if they are placed on nonselective agar media containing no inhibitory substances or conditions.
In this study, we demonstrated that injured Erwinia cells would resuscitate in nonselective nutrient broth but not in broth containing SDS or crystal violet. Pre-enrichment of the samples in nonselective broth before plating them on selective agar such as CVP should aid the recovery of injured bacteria and improve the detection of Erwinia spp. This enrichment step is a standard practice for isolation of foodborne pathogens from clinical or food samples (1) . Although such enrichment steps may not be necessary for isolation of Erwinia spp. from newly infected plant tissue, it should be considered when isolating Erwinia spp. from samples that have been exposed to physical or chemical stresses. An enrichment technique for improving the isolation of Erwinia spp. from soil has been described (21) and later applied to study the ecology of pathogens in potato fields (25) . Semiselective broth, as described in these reports, was used mainly to increase the proliferation of pectolytic bacteria and to suppress the growth of aerobic native bacteria. It has not been determined if incubation of soil in this semiselective broth improves the recovery of injured Erwinia cells. It also is not known if soil extracts added to this nutritionally limited broth (21) may impede the repair of injured cells. Inability of the heat-injured Salmonella sp. or Escherichia coli cells to resuscitate on minimal medium has been demonstrated previously (27) . Enrichment of root or soil samples in PT broth (6) before plating on indicator media also has been shown to improve the recovery of Erwinia spp. (9, 20) . The surfactant Tergitol in PT broth is toxic and expected to inhibit the resuscitation of injured Salmonella cells (1) and possibly Erwinia cells, as shown in this study. Therefore, the advantage of incubating the samples in PT broth possibly is not due to the enhancement of recovery of injured cells, but to the suppression of untargeted bacteria.
Although the clinical importance of injured gastrointestinal pathogens in humans cannot be easily determined, Sorrells et al. (30) reported that freezing-injured S. gallinarum cells showed no loss of virulence in chickens. In this study, we also found that acid-injured Erwinia cells were able to resuscitate and to induce soft rot on bell pepper fruit. An 10-fold higher number of injured cells (3.2 × 10 6 CFU/ml) than the uninjured counterpart (3.8 × 10 5 CFU/ml) is required to induce soft rot. The requirement of a higher number of injured cells to induce soft rot possibly is due to the fact that severely injured cells might eventually die or fail to revive on fruit (Fig. 3) . The ability of injured Erwinia cells to repair probably is dependent on the type of fruit and environmental conditions tested. We have observed (data not shown) that acid-injured Erwinia cells are unable to recover in PBS, in apple juice (pH 3.41), or at refrigeration temperature (4°C). Washing fresh produce with organic acids such as AA or storage at low temperatures may be effective in controlling soft rot caused by uninjured and injured Erwinia spp. Because of its bactericidal activity, AA has been used for food preservation and for decontamination of animal carcasses (11) . A number of studies already have shown that exposure to low concentrations of AA can suppress postharvest rot of fruit (29) and eliminate gastrointestinal pathogens from apple (32, 33) , parsley (15) , and mung bean seed (10) . Results from a separate study (data not shown) showed that a mixture of AA and H 2 O 2 is more effective than other common sanitizers in removing Salmonella cells attached to cut surfaces of apple slices. By considering the minimal concentration of AA and exposure time required to achieve the same level of death or injury rate, Erwinia spp. are much more susceptible to AA action than S. bareilly (5) and Escherichia coli K-12 (26) . Although AA is less toxic than other sanitizers, it is able to cause sublethal injury in an extremely large proportion of cells even at relatively low concentrations (<0.1%). Thus, washing fresh produce with AA, possibly in combination with other sanitizers, provides effective means for inactivating harmful bacteria on surfaces of plants.
